Transcription factors dynamically bind to chromatin and are essential for the regulation of genes. Although a large percentage of these proteins appear to self-associate to form dimers or higher order oligomers, the stoichiometry of DNA-bound transcription factors has been poorly characterized in vivo. The glucocorticoid receptor (GR) is a ligandregulated transcription factor widely believed to act as a dimer or a monomer. Using a unique set of imaging techniques coupled with a cell line containing an array of DNA binding elements, we show that GR is predominantly a tetramer when bound to its target DNA. We find that DNA binding triggers an interdomain allosteric regulation within the GR, leading to tetramerization. We therefore propose that dynamic changes in GR stoichiometry represent a previously unidentified level of regulation in steroid receptor activation. Quaternary structure analysis of other members of the steroid receptor family (estrogen, androgen, and progesterone receptors) reveals variation in oligomerization states among this family of transcription factors. Because GR's oligomerization state has been implicated in therapy outcome, our findings open new doors to the rational design of novel GR ligands and redefine the quaternary structure of steroid receptors. 
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glucocorticoid receptor | steroid receptors | dimer | tetramer | number and brightness S teroid receptors are transcription factors regulated by physiological stimuli that dynamically bind to chromatin and control complex biological pathways (1) . In particular, the glucocorticoid receptor (GR) is essential for life and is one of the most targeted proteins in the pharmacological industry due to its powerful antiinflammatory and immunosuppressive activities (2) . Current pharmaceutical approaches are based on a recently challenged (3) binary model wherein direct binding of GR dimers and indirect binding of GR monomers via other proteins determine the transcriptional output (4) .
Upon hormone activation, GR associates to a subset of glucocorticoid response elements (GREs) across the genome, depending on the accessibility of the chromatin landscape (5) . GR is a modular protein organized into three structural and functional domains; the N-terminal ligand-independent activation function-1 domain (NTD), the central DNA-binding domain (DBD), and the C-terminal ligand-binding domain (LBD) (6) . GR, and all steroid receptors, are widely believed to bind DNA directly as homodimers (7) . However, this paradigm has been established exclusively from in vitro studies, working mostly with the DBD fragment (8) (9) (10) , only using the whole GR protein in rare cases (11, 12) . The small number of experiments performed in live cells only addresses the entire nuclear population, lacking specific information regarding the GR fraction bound to chromatin (13) (14) (15) (16) . Furthermore, these studies were unable to discriminate between dimers or higher oligomeric states.
For the present study, we combine an experimental model where GR-DNA interaction can be observed in real time with techniques that allow the quantification of the oligomeric state of proteins inside living cells. The results we present suggest a previously unidentified step in steroid receptor activation and demonstrate how this combined methodology can critically advance the understanding of protein-DNA interactions.
Results

GR Presents Higher Oligomeric States at the Mouse Mammary Tumor
Virus Array. To examine the quaternary structure of GR bound to DNA in vivo, we used the 3617 mouse cell line harboring a tandem gene array that contains ∼200 copies of a GR-responsive promoter structure [the mouse mammary tumor virus (MMTV) array] (17). Thus, a green fluorescent protein (GFP)-tagged version of the GR bound to the MMTV GREs can be directly visualized in living cells as a localized domain enriched in GFP signal (Fig. 1A , white arrows). To quantify the GR oligomeric state, we performed number and brightness (N&B) analysis (18) either in the nucleoplasm or at the MMTV array in 3617 cells transiently expressing GFP-GR. This technique provides the molecular brightness (e) of molecules with pixel-size resolution. The brightness is obtained from fluctuations in the intensity due to the movement of molecules at each pixel of a raster-scan image. The higher the oligomerization state of a protein, the higher is the amplitude of the fluctuations (3). Thus, the relative oligomerization state of a protein can be determined in live cells with the N&B assay. These fluctuations could arise from diffusion in and out of the pixel or from binding and unbinding to an immobile or slowly moving cellular feature, such as chromatin (18) . Therefore, although the technique requires movement of molecules, it does not measure movement and is insensitive to mild changes in diffusion rates as long as independent populations
Significance
The glucocorticoid receptor (GR) is a ligand-regulated transcription factor and one of the most targeted proteins in the pharmaceutical industry due to its powerful antiinflammatory actions. The search for side effects-free glucocorticoids relies exclusively on a model wherein the GR oligomerization state, whether a monomer or a dimer, dictates its transcriptional output. Here, we use an experimental approach where the GR-DNA interaction is observed in real time with a technique that allows the quantification of the oligomeric state of proteins in living cells. Unexpectedly, we find that DNA binding triggers tetramerization of the GR, which would be the truly activated form of the receptor. Our findings reveal a previously unidentified step in the glucocorticoid activation pathway. of particles are sampled on each frame. If molecules present in a pixel do not move during the frame time (i.e., do not generate fluctuations), then those particles do not contribute to the e. When mixtures of different oligomers are present, the final e is a result of the linear-weighted-average combination of the different oligomers in the population.
As we previously reported (3), upon hormone activation, the relative e of GR in the nucleoplasm doubles (Fig. 1B) , indicating that most of the hormone-bound GR molecules are dimeric. Surprisingly, when the analysis is focused at the MMTV array, we observed higher e, with values averaging in the range of 3-4 for the natural ligand treatment (corticosterone) and reaching ∼4 with the synthetic agonist dexamethasone (Fig. 1B) . Interestingly, the antagonist RU486 promotes GR DNA binding (Fig. 1A , white arrow) but less brightness at the array compared with the agonists (∼2.85) (Fig. 1B) . Thus far, we consider four possible interpretations of this highly unexpected observation: (i) GR presents states of higher oligomerization at the array, predominantly as a tetramer; (ii) GR is a dimer, but there is some artifact with the technique; (iii) the technique is accurate, but there is a biological artifact at the MMTV array; or (iv) all is an artifact of overexpression.
To test if the N&B assay is capable of discriminating between dimers and tetramers, we analyzed the DNA damage-dependent tetramerization of p53 by transfecting GFP-p53 molecules in p53-null H1299 cells. Brightness values (Fig. 1B) are consistent with the dimer-to-tetramer transition recently reported in vivo (19) , demonstrating the capability of the technique to discriminate between these oligomerization states. However, concerns regarding a possible artifact of the technique at the array need to be addressed. First, could the unusual high concentration of DNA-binding sites due to the repetitive nature of the array explain the higher brightness values? To test this hypothesis, we targeted GFP-C/EBP (CCAAT/enhancer-binding protein) to the array because it was recently reported to be recruited in a dexamethasone-dependent manner (20) (Fig. S1A) . If the high concentration of binding sites at the array is the source of the elevated e values, then any bound protein at the array should also present a higher e value. As Fig.  S1B shows, e values remain remarkably constant between the array and nucleus for GFP-C/EBP. Even the high concentration of C/ EBP molecules at heterochromatin regions shows no evidence of significantly increased brightness. Thus, it is highly unlikely that the repetitive nature of the array can explain the observed GR values at this structure. Second, we wondered whether the smaller size of the array could somehow be a source of brightness overestimation. To test this possibility, we performed an N&B assay of GFP-GR molecules in the 1361.5 cell line (21) that carries a much larger tandem array (Fig. S1C) . Results showed similar values compared with 3617 cells (Fig. S1D ), indicating that neither the size nor the copy number of the array can justify the increased e values. Finally, we evaluated the possibility that all these results could be an artifact due to transient transfection and consequent overexpression. We have already demonstrated that full GR dimerization in the nucleus can be achieved in GR knockout mouse embryonic fibroblasts (MEFs) stably expressing GFP-GR at endogenous levels (3). Because 3617 cells carry a tetracycline-inducible GFP-GR transgene (17), we expressed this gene at endogenous levels (Fig. S1 E and F) and confirmed that high brightness values are still observed at the MMTV array (Fig. S1G ). Taken together, the N&B analysis suggests that GR presents states of higher oligomerization at the array, predominantly as a tetramer.
We next considered the oligomerization state of other members of the steroid receptor family. Because both progesterone and androgen receptors (PR and AR, respectively) bind to the MMTV array in a ligand-dependent manner ( Fig. 2A) , we performed N&B analysis on GFP-PRB-or GFP-AR-transfected cells. Activation of PR led to an unexpected relative increase of e to ∼4 in both the entire nucleus and the array (Fig. 2B) , suggesting that ligand activation promotes tetramerization of PR in vivo in a DNA-independent manner, in contrast to GR. Interestingly, AR presents even higher e values (Fig. 2B) , consistent with its tendency to aggregate in the form of annular oligomers (22) . None of these effects was due to overexpression because stable integration of the GFP-tag transgene gives similar results (Fig. 2B , orange plots). Even though the estrogen receptor (ER) does not bind the GREs within the MMTV sequence, the ERpbox mutant binds effectively (23) . Thus, we used the previously characterized cell lines 7438 and 6648 carrying the mCherry-ERwt and mCherry-ERpbox transgenes, respectively (23) . N&B analysis shows that upon estrogen activation, wild-type ER presents a e value of ∼1.81, suggesting a mixture of dimers and monomers (Fig. 2B) . Interestingly, the pbox mutation affects the population of dimers in the nucleus (e ∼ 1.3), but at the array, e values are higher than 2 (e ∼ 2.7), indicating that some higher oligomerization complexes are present (Fig. 2B) , at least for this mutant. Overall, these results suggest that the steroid receptors present different quaternary structures, and that homodimers may not be the final active conformation of any of these receptors.
To cross-validate our results, we refocused the study on GR and investigated its oligomeric state using an independent approach. We used homo-FRET, a simpler variant to estimate resonance energy transfer (RET). This method relies on the use of a single fluorophore, and is therefore devoid of artifacts often encountered for two-color conventional FRET measurements. Additionally, homo-FRET is determined on the basis of fluorescence anisotropy (r), a parameter largely independent of fluorescence intensity, and therefore fluorophore concentration. Interacting fluorophores undergoing RET result in a lower measured anisotropy compared with noninteracting fluorophores. An estimate of the oligomeric nature of the interaction under study can be derived upon photodestruction of fluorophores. When photobleached, due to loss of RET acceptors, a gradual increase in r is observed in a system where there are interacting proteins. In a noninteracting system, bleaching results in no change in r. The state of oligomerization can be distinguished by characteristic features of the anisotropy recovery curve (24) . Briefly, no change in r indicates a population of monomers, linear recovery indicates a fully dimeric population, and nonlinear recovery suggests the presence of multimers beyond dimers (24) . Fig. S2A shows the initial steady-state anisotropy for YFP-GR in 3617 cells. As expected, untreated YFP-GR presents similar r values compared with YFP alone, consistent with the presence of a predominantly monomeric form of GR. Accordingly, addition of hormone decreased r values in the nucleus. An even further reduction was observed at the array, suggesting the presence of a higher fraction of oligomerized GR molecules. Upon photobleaching (PB) (Fig. S2B) , r values remained reasonably constant for YFP-GR in untreated cells, which is indicative of a largely monomeric population. On the contrary, hormone-activated YFP-GR presents nonlinear r recovery values in both the nucleoplasm and array, revealing the presence of higher oligomeric states at both regions. We believe the presence of higher order oligomers in the nucleoplasm as detected by homo-FRET is, in part, due to the DNA-bound GR fraction at endogenous sites. Unlike N&B assays, which rely on linear weighting of brightness in mixture populations, and might be unable to distinguish between different oligomeric populations for small fractions, r is highly sensitive to the presence of even a small fraction of higher order oligomers. For homo-FRET measurements, in theory, even a small fraction of higher order oligomers (<5%) would result in a lower initial anisotropy and a nonlinear increase in anisotropy upon PB (as we observe in the nucleoplasm). The fact that we see the same phenomenon, albeit stronger, on the array implies that we have a larger fraction of higher order oligomers at the array. This result is consistent with the presence of a greater fraction of DNA-bound GR at the array compared with other places in the nucleoplasm. Collectively, our results suggest that homodimers are not the final active form of the GR.
DNA Allosterically Modulates GR Quaternary Structure. The results obtained from the N&B and homo-FRET analyses led us to hypothesize that GR changes its oligomeric state upon DNA binding, most likely a dimer-to-tetramer transition. To test this hypothesis further, we used a GR mutant (P493R) that mimics the conformational changes in the receptor upon DNA binding 
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Comparison of the two-and three-PB events between WT and P493R (n = 3 independent experiments). The different scale in the y axis should be noted. *P < 0.05 (Student's t test). (25) . If DNA triggers a new quaternary structure of GR, then this mutant should present higher oligomerization even when it is not bound to DNA. When 3617 cells transiently expressing GFP-GR P493R are stimulated with hormone, they present a normal GR subcellular distribution (Fig. 3A) . N&B analysis of GFP-GR P493R shows a relative e value reaching ∼4 for both the nucleoplasm and array (Fig. 3B ). This observation is consistent with the hypothesis that DNA induces oligomerization of GR. Furthermore, this mutant demonstrates that tetramerization can be observed independent of the MMTV array because the DBD "locked" in the bound conformation triggers higher oligomerization in the whole nucleus. To rule out an artifact of overexpression, we transduced MEFs isolated from GR knockout mice with GFP-GR (3) or the mouse P481R GR mutation (orthologous to the rat P493R mutant). N&B analysis shows that the mutation increases GR nuclear e to 3.29 ± 0.12 ( Fig. S3) , indicative of a mixture of higher order oligomers (e.g., dimers, tetramers), even when the receptor is not overexpressed.
Recent single-molecule tracking experiments have shown that a small fraction of GR (∼3.5%) is specifically bound to chromatin at any particular time (26) . If DNA induces GR tetramerization, then only the small population of bound molecules would present higher oligomeric states. To test this prediction, we performed single-molecule PB analysis, where the number of associated subunits in a complex is deduced by imaging single molecules and counting fluorophore PB steps (27) . We transfected HaloTag-fused GR into 3134 cells and incubated the cells with the membrane-permeable Halo tetramethyl-rhodamine (TMR) ligand. After fixing the cells, we observed TMR-HaloGR single molecules (Fig. 3C ) using highly inclined laminated optical sheet (HiLO) illumination (26) . Even though the fluorescent GR population is highly diluted with untagged endogenous GR, we were still able to detect particles with multiple PB events (Fig. S4) . Most of the molecules presented one or two PB events (Fig. 3D) , as expected, from a mostly dimeric population wherein most of the molecules would be nonfluorescent (Fig. S5) . Importantly, we detected a small fraction (0.83%) of HaloGRwt with three PB events, not only confirming the existence of higher oligomerization states but also consistent with the previously reported small amount of bound receptor (26) . Observations with the P493R mutant revealed a significant increase in both two-and three-PB events (Fig. 3E) , as expected from its higher oligomeric state. In addition, even with the high concentration of untagged GR molecules, we detected a four-PB event with this mutant (Fig. 3D and Fig. S4 ), although we cannot rule out the possibility that this one event is a false-positive result. Nevertheless, taken together, these results are consistent with the presence of higher GR oligomers.
GR Appears to be a Dimer of Dimers on DNA. We next used a combination of several point mutations (Fig. 4 A and B) to identify regions involved in the tetramerization of GR by the N&B assay. Mutations in either the dimerization loop (A465T, GRdim) or the lever arm (E457A), previously shown to affect allosteric communication between DNA and GR (28, 29) , produced no effect in dimerization in the nucleoplasm or tetramerization at the array (Fig. 4C) . In addition, a mutation that decreases the dimeric population in the nucleoplasm by affecting LBD-LBD interactions (I634A) (30) still shows higher order oligomers (>2) at the array. Interestingly, the double mutant (A465T/I634A), also known as GRmon (3), presents almost an entire monomeric population in the nucleoplasm but dimeric complexes at the array (Fig. 4C) , suggesting that these dimers are formed through an independent surface (Fig.  S6) . Further, the DNA-bound mimic mutation (P481R in the mouse) within the GRmon background changes the equilibrium toward dimers at the nucleoplasm (Fig. 4C) . Overall, these results suggest that tetramerization is independent of dimerization and, therefore, that the tetrameric GR would be a "dimer of dimers."
The LBD Is Necessary for GR Tetramerization. Finally, we analyzed domain dependence on GR tetramerization by deleting either the NTD or the LBD entirely (Fig. 4A) . Deletion of the LBD (N525) makes the receptor insensitive to hormone, constitutively nuclear, and able to bind DNA (Fig. 4D) as previously reported (31) . N&B analysis shows that N525 is completely monomeric at the nucleoplasm and forms dimeric complexes at the array (Fig.  4E) . Notably, this result is completely consistent with in vitro Fig. 1 (n = 56, 41, 37, 44, 24, 56, 47, 43, 32, 24, and 37 sample points) . studies using only the DBD fragment (10, 28), reinforcing the major role of the LBD in dimer formation in vivo (3). In fact, the dim mutation in this context (N525 dim) inhibits dimer formation at the array (e = 1.58), also consistent with in vitro studies (28) . Interestingly, the DNA-bound mimic mutation P493R cannot induce higher oligomers when the LBD is absent (dimeric population in both compartments; Fig. 4E ), demonstrating that the LBD is necessary for the formation of higher order oligomers. In agreement, deletion of the NTD (407C) did not prevent the presence of e > 2 complexes at the array, although it did change the equilibrium of the dimeric/monomeric population at the nucleoplasm (e < 2). This surprising result suggests that the NTD also participates in stabilizing the dimeric population of GR. Lastly, the P493R mutation is still able to induce higher oligomers when the NTD is absent (Fig. 4E) , demonstrating that this domain is not necessary for the formation of higher order structures. Discussion GR Oligomeric State: A Long-Standing Debate. The quaternary structure of the GR has been a matter of continuous controversy. For the past 30 years, the GR has been described as a monomer (32), a dimer (8, 11, 12) , or even a tetramer (33) depending on its subcellular localization, the presence or absence of ligand, or its DNA-binding status. However, few of the techniques used to characterize GR's quaternary structure are capable of measuring its oligomerization state. Rather, most of them can only analyze the ability of GR to interact to some degree with itself, without knowing the exact self-stoichiometry or even the relative population of interacting molecules. Hence, if a positive GR-GR interaction is detected, homodimerization is implicitly assumed, but higher order quaternary structures cannot be ruled out. Far beyond a scientific curiosity, the oligomeric status of GR has been a key factor in the search for the so-called dissociated glucocorticoids (2, 34) . The physiological relevance of dimeric/ monomeric action of GR is still an open debate, with opposite interpretations among different groups (3, 35) .
Toward a New Model of GR-DNA Binding. Regulation of GR's quaternary structure after hormone binding involves complex structural changes that are yet to be fully understood. We propose an updated model wherein DNA binding triggers an interdomain allosteric regulation of GR followed by a change in its oligomeric state (Fig. 5) . Hormone-activated GR is mostly dimeric in the nucleoplasm (3, 14) through LBD-LBD (30) and DBD-DBD (9) interactions, although mutational analyses indicate that these dimeric surfaces are not functionally equivalent. In fact, dimerization through the DBD is dependent upon the presence of the LBD (Fig. 4 and Fig. S6 ). It has been documented that after specific DNA binding, the DBD changes conformation (25) and likely favors DBD-DBD interactions (28) (Fig. 5) . In turn, we propose that this conformation triggers a structural rearrangement in the LBD, promoting the formation of higher order oligomers, predominantly tetramers, through LBD surfaces that are yet to be identified. Strikingly, other members of the steroid receptor family seem to have developed different regulatory mechanisms. For example, PR appears to be a tetramer before DNA binding (Fig. 2) .
The fact that we can detect intensity fluctuations in the order of ∼1 s (Materials and Methods) suggests that the GR tetrameric complex is able to exchange between its bound and unbound states in that time frame, at least most of the molecules. Although not mutually exclusive, another possibility is that the DNA-dependent formed tetramers still remain in that state after DNA release for a sufficient amount of time to detect its fluctuations at the "array microenvironment," which means before disaggregation into dimers. DNA-dependent tetramerization of transcription factors may be a more common phenomenon than originally thought. For example, a recent publication has shown that the signal transducer and activator of transcription 3 (STAT3) dimers must first bind DNA to form STAT3 tetramers (36) . A reevaluation of several known dimeric transcription factors with these new state-of-the-art techniques might bring some surprises to the field.
Lastly, whether the four DBDs are bound to a single GRE remains to be determined. Recent ChIP-exo studies have shown exonuclease protection patterns consistent with only two DBDs bound to a single GRE (37), although both structures suggested here ( Fig. 5 A and B) might also be consistent with that signature. We further speculate that a tetrameric receptor where "free" DBDs are present (Fig. 5B) could assist in bridging different points in the genome (38) , thus favoring a looping mechanism between distant regulatory sites.
Materials and Methods
Details of cell lines, reagents, plasmid constructs, homo-FRET measurements, and Western blots are provided in SI Materials and Methods. Subcellular Localization and N&B Analysis. Images were taken using an LSM 780 laser scanning microscope (Carl Zeiss, Inc.) equipped with an environmental chamber. Cells were imaged from 20 min after hormone addition up to a maximum of 2 h. We used a 63× oil immersion objective (N.A. = 1.4). The excitation source was a multiline Ar laser tuned at 488 nm. Fluorescence was detected with a gallium arsenide phosphide (GaAsP) detector in photoncounting mode. N&B measurements were done as previously described (3). Briefly, for each studied cell, a single-plane stack of 150 images (256 × 256 pixels) was taken in the conditions mentioned above, setting the pixel size to 80 nm and the pixel dwell time to 6.3 μs. In every case, we discarded the first 10 images of the sequence to reduce overall bleaching. The frame time under these conditions is 0.97 s, which guarantees independent sampling of molecules according to previously reported fluorescence correlation spectroscopy (FCS) measurements (39) . Each stack was further analyzed using the N&B routine of the "GLOBALS for Images" program developed at the Laboratory for Fluorescence Dynamics (University of California, Irvine, CA). In this routine, the average fluorescence intensity (<I>) and its variance (σ 2 ) at each pixel of an image are determined from the intensity values obtained at the given pixel along the image stack. The apparent brightness (B) is then calculated as the ratio of σ 2 to <I>, whereas the apparent number (N) of moving particles corresponds to the ratio of <I> to B (18) . Classification of pixels according to their intensity values easily allows splitting of the cytoplasm, nucleus, and array for further analysis. Selection of cells for analysis followed these criteria: (i) in the case of stimulated cells, an accumulation of signal at the array must be visible; (ii) the average N of molecules in the Upon ligand binding, GR forms dimers through LBD-LBD and DBD-DBD interactions. DNA binding triggers an allosteric conformational change in the D-loop within the DBD. Also, the intrinsically disordered NTD may adopt a more defined structure upon DNA binding (6) . By as yet unknown mechanisms, the conformational change in the DBD affects the LBD, and the receptor now undergoes a dimer-to-tetramer transition. Both head-to-head (1) and head-to-tail (2) configurations are equally plausible.
nuclear compartment must have a range of three to 18 in all cases; (iii) no saturation of the detector at any pixel (n < 60); and (iv) bleaching cannot be more than 5-10%. In a previous work, it has been demonstrated that B is equal to the real brightness, e, of the particles plus 1 (18) . Therefore, e at every pixel of images can be easily extracted from B measurements. Importantly, this analysis only provides information regarding moving or fluctuating fluorescent molecules because fixed molecules (relative to our frame time) will give B values equal to 1. The experiments were independently repeated two to three times for each treatment/condition.
Single-Molecule PB. We used 3134 cells transiently transfected at suboptimal conditions with pHalo-rat GR or the P493R mutant to achieve appropriate protein levels for single-molecule visualization. We labeled the fusion protein with TMR as previously described (26) . Briefly, the cell-permeable fluorescent HaloTag-TMR ligand (Promega) was added to the wells at a concentration of 5 nM. After an incubation period of 20 min, the cells were washed (three times for 15 min) with phenol-red-free complete DMEM (Invitrogen) to remove the unliganded fluorescent molecules. After activating GR for 30 min with 100 nM dexamethasone, the cells were fixed with 4% (wt/vol) paraformaldehyde (Electron Microscopy Sciences) for 20 min. We used a custom-built microscope equipped with a 150×, 1.45-N.A. objective, with a 561-nm laser and capable of HiLO illumination (26) . We collected fluorescent images for 120 s at the rate of 5 Hz until significant bleaching was observed. Experiments were repeated three times for each condition. We manually analyzed the intensity values of individual molecules with Image J (NIH) software. For the calculation of expected PB values (Fig. S5) , we first estimated the amount of fluorescent molecules present on average in a cell by assuming a fully dimeric population for GR wild type (assumption supported by the N&B assay data; Fig. 1B ). Because we observed 18.98% of two-PB events (Fig. 3D) , we can estimate the fluorescent population to be around ∼43% [(0.43) 2 = 0.1849]. Second, we calculated the binomial distribution with a P = 0.43 of a fully dimeric population (monomer = 0.8151, dimer = 0.1849) or a fully tetrameric population (monomer = 0.424, dimer = 0.360, trimer = 0.181, tetramer = 0.0341). Third, given the fact that the GR-bound fraction is only ∼3.5% under similar conditions (26), we average-weighted the two binomial models according to a 0.965:0.035 (dimer/tetramer) ratio because our model states that GR is fully dimeric in the nucleoplasm and fully tetrameric when bound to DNA. Finally, we contrasted the expected results with the observed data.
